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PICK-UP STRUCTURE FOR DRAM 
CAPACITORS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates to a semiconductor structure 

and its fabrication. More particularly, this invention relates to 
a pick-up structure for capacitors of DRAM cells and to a 
DRAM process including the formation of the capacitor pick 
up structure. 

2. Description of Related Art 
There are generally tWo types of capacitors for DRAM 

cells, including stacked capacitor and deep-trench (DT) 
capacitor, Wherein the DT capacitor is formed in the substrate 
and the capacitance thereof can be easily increased by 
increasing the trench depth, so that much less lateral area is 
required. 

Since the trenches of the trench capacitors are formed quite 
deep, an N-band is formed quite deep in the substrate to 
electrically connect the bottom electrodes of all capacitors. 
To pick up such a deep N-band, in the prior art, multiple ion 
implantations of different doses and energies are conducted to 
form a Wide deep N-Well, and then a contact is formed on the 
deep N-Well as the contact of the N-band. 

HoWever, the prior-art method limits the integration degree 
because the deep N-Well requires a certain lateral area even 
When the memory cell dimension is reduced, and is quite 
tedious due to the multiple ion implantations. Accordingly, a 
neW pick-up structure for DRAM capacitors is desired to 
improve the integration degree of DRAM as Well as to sim 
plify the DRAM process. 

SUMMARY OF THE INVENTION 

In vieW of the foregoing, this invention provides a DRAM 
process that includes formation of a capacitor pick-up struc 
ture Without forming a Wide deep N-Well through multiple ion 
implantations. 

This invention also provides a capacitor pick-up structure 
for a DRAM array, Which includes a dummy capacitor at an 
edge or a comer of the memory array area as a connector to the 

doped band so that the integration degree of DRAM is 
increased. 
A DRAM process including formation of a capacitor pick 

up structure of this invention is described beloW. A substrate 
With multiple trenches therein is provided, Wherein the 
trenches include a ?rst trench and each trench has a dielectric 
layer on its sideWall. A conductive layer is formed on the 
surfaces of the substrate and the trenches, and a patterned 
photoresist layer is formed on the conductive layer ?lling in 
the trenches and further covering the ?rst trench. The exposed 
conductive layer is removed to form multiple bottom elec 
trodes in the trenches, and the patterned photoresist layer is 
removed. A capacitor dielectric layer is formed on each bot 
tom electrode, and then multiple top electrodes are formed 
over the substrate ?lling up the trenches. A contact is then 
formed on the bottom electrode in the ?rst trench, electrically 
connecting With the substrate via the bottom electrode. 

In the above DRAM process, the ?rst trench may be formed 
at an edge or a corner of a memory cell array area of the 
DRAM. 

In some embodiments, the top surface of the photoresist 
layer in each of the trenches other than the ?rst trench is loWer 
than that of the substrate. 

In some embodiments, the trenches include multiple pairs 
of adjacent trenches, and tWo transistors are formed on the 
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2 
substrate beside each pair of trenches after the top electrodes 
are formed but before the contact is formed. The DRAM 
process may further include, after the top electrodes are 
formed but before the transistors are formed, forming an 
isolation structure betWeen each pair of trenches after the top 
electrodes are formed but before the transistors are formed, 
Wherein the isolation structure encroaches upon the pair of 
trenches. In such cases, the DRAM process may also include 
forming passing gate structures on the isolation structure 
during the formation of the transistors. 

In addition, the capacitor dielectric layer may include an 
ONO layer. In an embodiment, the DRAM process further 
includes a surface treatment to the bottoms of the trenches 
having the dielectric layer therein before the conductive layer 
is formed. 
The DRAM process may further include forming a doped 

band in the substrate through dopant diffusion from the bot 
toms of the trenches, Wherein the source of the dopant diffu 
sion may include at least one of an ion implantation done to 
the bottoms of the trenches before the conductive layer is 
formed and a doped semiconductor material that constitutes 
the conductive layer. The doped semiconductor material may 
include doped poly-Si. An annealing treatment may be con 
ducted to cause dopant diffusion after the conductive layer is 
formed. 

Another DRAM process including formation of a capacitor 
pick-up structure of this invention is described as folloWs. A 
substrate With multiple trenches therein is provided, Wherein 
the trenches include a ?rst trench and each trench has a 
dielectric layer on its sideWall. A bottom electrode is formed 
on the internal surface of each trench, and a capacitor dielec 
tric layer is formed on each bottom electrode. The capacitor 
dielectric layer in the ?rst trench is removed, and multiple top 
electrodes are formed on the substrate ?lling up the trenches. 
A contact is then formed on the top electrode in the ?rst 
trench, electrically connecting With the substrate via the top 
electrode and the bottom electrode in the ?rst trench. 

In the above DRAM process, the ?rst trench may be formed 
at an edge or a comer of a memory cell array area of the 
DRAM. 

In some embodiments, the top surface of the bottom elec 
trode in each of the trenches is loWer than that of the substrate. 

In some embodiments, the trenches include multiple pairs 
of adjacent trenches, and tWo transistors are formed on the 
substrate beside each pair of trenches after the top electrodes 
are formed but before the contact is formed. The DRAM 
process may further include, after the top electrodes are 
formed but before the transistors are formed, forming an 
isolation structure betWeen each pair of trenches after the top 
electrodes are formed but before the transistors are formed, 
Wherein the isolation structure encroaches upon the pair of 
trenches. In such cases, the DRAM process may also include 
forming passing gate structures on the isolation structure 
during the formation of the transistors. 

In addition, the capacitor dielectric layer may include an 
ONO layer. In an embodiment, the DRAM process further 
includes a surface treatment to the bottoms of the trenches 
having the dielectric layer therein before the conductive layer 
is formed. 
The DRAM process may further include forming a doped 

band in the substrate through dopant diffusion from the bot 
toms of the trenches, Wherein the source of the dopant diffu 
sion may include at least one of an ion implantation done to 
the bottoms of the trenches before the conductive layer is 
formed and a doped semiconductor material that constitutes 
the conductive layer. The doped semiconductor material may 
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include doped poly-Si. An annealing treatment may be con 
ducted to cause dopant diffusion after the conductive layer is 
formed. 

The capacitor pick-up structure of this invention is applied 
to a memory cell array area of DRAM that is disposed on a 
substrate over a doped band in the substrate. The pick-up 
structure includes a dummy capacitor and a contact thereon. 
The dummy capacitor is disposed in a ?rst trench in the 
substrate, Wherein the bottom of the ?rst trench exposes a 
portion of the doped band. The dummy capacitor includes a 
?rst bottom electrode on the internal surface of the ?rst trench 
electrically connecting With the doped band, a ?rst dielectric 
layer betWeen the ?rst bottom electrode and the sideWall of 
the ?rst trench, and a ?rst top electrode on the ?rst bottom 
electrode ?lling up the ?rst trench. The contact electrically 
connects With the doped band via the dummy capacitor. 

In an embodiment, the capacitor pick-up structure may be 
disposed at an edge or a comer of the memory cell array area. 

In some embodiment, the top surface of the ?rst bottom 
electrode is higher than or coplanar With that of the substrate, 
and the contact electrically connects With the ?rst bottom 
electrode at least. In such cases, the pick-up structure may 
further include a ?rst capacitor dielectric layer betWeen the 
?rst bottom electrode and the ?rst top electrode, Wherein the 
?rst capacitor dielectric layer may include an ONO layer. 

In some embodiments, the top surface of the ?rst bottom 
electrode is loWer than that of the substrate. The contact may 
be disposed on the ?rst top electrode. 

In addition, a memory cell in the above memory cell array 
may include a transistor on the substrate, a trench capacitor in 
the substrate beside the transistor, and a conductive layer on 
the substrate for coupling the transistor With the trench 
capacitor. The trench capacitor may be disposed in a second 
trench in the substrate, Wherein the bottom of the second 
trench exposes a portion of the doped band. The trench 
capacitor may include a second bottom electrode on the inter 
nal surface of the second trench electrically connecting With 
the doped band, a second dielectric layer betWeen the second 
bottom electrode and the sideWall of the second trench, a 
second top electrode on the second bottom electrode ?lling up 
the second trench, and a second capacitor dielectric layer 
betWeen the second bottom electrode and the second top 
electrode. The DRAM may further include an isolation struc 
ture that has a portion disposed betWeen every tWo adjacent 
trench capacitors and encroaching upon the tWo adjacent 
trench capacitors. Passing gate structures may be disposed on 
the isolation structure. 

In some embodiments, the above capacitor pick-up struc 
ture may also include an isolation structure that encroaches 
upon the dummy capacitor, and may further include a passing 
gate structure on the isolation structure encroaching upon the 
dummy capacitor. 

Since the capacitor pick-up structure utiliZes a dummy 
capacitor as a connector to the doped band deep in the sub 
strate, a Wide deep N-Well is not required to form and the 
corresponding multiple ion implantations are not needed. 
Thus, the integration degree of the DRAM is increased and 
the DRAM process is simpli?ed. 

In order to make the aforementioned and other objects, 
features and advantages of the present invention comprehen 
sible, a preferred embodiment accompanied With ?gures is 
described in detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a top vieW of a DRAM layout according 
to an embodiment of this invention. 
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4 
FIGS. 2A-2E illustrate, in a cross-sectional vieW along the 

line I-I' in FIG. 1, a DRAM process according to a preferred 
embodiment of this invention. 

FIGS. 2F-2I illustrate, in a cross-sectional vieW, a DRAM 
process according to another preferred embodiment of this 
invention. 

DESCRIPTION OF EMBODIMENTS 

FIG. 1 illustrates a top vieW of a DRAM layout according 
to an embodiment of this invention. FIGS. 2A-2E illustrate a 
DRAM process according to a preferred embodiment of this 
invention. 

Referring to FIGS. 1 and 2A, a substrate 100 like a silicon 
substrate is provided, and then a hard mask layer 103 is 
formed on the substrate 100. The hard mask layer 103 may 
include silicon nitride (SiN) and may be formed through 
CVD. An isolation structure 105 de?ning active areas 106 is 
then formed in the hard mask layer 103 and the substrate 100, 
possibly being a shalloW trench isolation (STI) structure and 
possibly including silicon oxide. Before the hard mask layer 
103 is formed, a pad layer (not shoWn) may be formed on the 
substrate 100. The process for forming the pad layer to the 
isolation structure 105 can be any suitable process having 
been applied the prior art. 

Optionally, another hard mask layer 107 is further formed 
on the substrate 100 if required, possibly including SiN or SiC 
and possibly being formed With CVD. The thickness of the 
hard mask layer 107 may be 800-2000 A. 

Referring to FIGS. 1 and 2B, multiple trenches 110 are 
formed in the substrate 100, Wherein tWo adjacent trenches 
110 are formed in a pair encroaching upon tWo side parts of 
each illustrated portion of the isolation structure 105. Among 
the trenches 11 0, the one in Which a dummy capacitor as a part 
of the capacitor pick-up structure Will be formed is labeled 
with “11011”. The depth of the trenches 110 is usually l-3 pm. 
A dielectric layer 115 is then formed in each trench 110, 

possibly including SiO and possibly formed With thermal 
oxidation or CVD. The dielectric layer 115 at the bottom of 
each trench 110 is removed to expose the substrate 100 
thereat, possibly With anisotropic etching. The thickness of 
the dielectric layer 115 may be 30-400 A. 

Referring to FIG. 2B again, a conductive layer 120 is 
formed on the surfaces of the hard mask layer 107, the dielec 
tric layer 115 and the bottoms of the trenches 110. The con 
ductive layer 120 may include doped poly-Si, and may be 
formed by depositing a layer of undoped poly-Si With CVD 
and then doping the layer With ion implantation or by depos 
iting a layer of poly-Si With in-situ doping. After that, an 
annealing treatment is optionally conducted depending on the 
thermal budget of the process to diffuse the dopant in the 
conductive layer 120 into the substrate 100 and, as described 
later, assist the formation of the doped band for connecting all 
bottom electrodes in the substrate. 

It is noted that after a portion of the dielectric layer 115 is 
removed to expose the bottom of each trench 110 but before 
the conductive layer 120 is formed, a surface treatment may 
be conducted to the exposed substrate 100 to reduce the 
resistance of the surface layer of the substrate 100 at the 
bottom of each trench 110 and/or enhance the adhesion 
betWeen the substrate 100 and the conductive layer 120. It is 
noted that the surface treatment may include a cleaning treat 
ment and/ or an ion implantation process. The ion used in the 
implantation may be arsenic or phosphorous ion, so as to 
reduce the resistance of the surface layer of the substrate 100 
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at the bottom of each trench 110 as Well as to assist the 
formation of the doped band for connecting all bottom elec 
trodes. 

Referring to FIG. 2B again, a patterned photoresist layer 
123 is formed over the substrate 100, ?lling in each trench 110 
and further covering the ?rst trench 11011. The patterned 
photoresist layer 123 may be formed by applying a photore 
sist material With spin coating, exposing the same using a 
reticle With a corresponding pattern thereon and then devel 
oping the same. The photoresist material may be one of posi 
tive type. 

Referring to FIGS. 2B and 2C, the patterned photoresist 
layer 123 is etched back to remove a portion thereof in each 
trench 110 other than the trench 110a. Thus, the portion of the 
remaining photoresist layer 123' in each trench 1 1 0 other than 
the trench 11011 has a top surface loWer than that of the 
substrate 100. The conductive layer 120 exposed by the 
remaining photoresist layer 123' is removed to form multiple 
bottom electrodes 127 in the trenches 110. The removal may 
be done With dry etching like reactive ion etching (RIE). 
Since the patterned photoresist layer 123' covers the trench 
11011, the bottom electrode 127a formed in the trench 11011 
has a shape different from that of the bottom electrode 127 
formed in each trench 110 other than the trench 110a. 

Referring to FIGS. 2C and 2D, the patterned photoresist 
layer 123' is removed, possibly With plasma ashing and sol 
vent cleaning. A capacitor dielectric layer 130 is then formed 
over the substrate 100, possibly being an SiO/SiN/SiO 
(ONO) or SiO/SiN (ON) composite layer. The capacitor 
dielectric layer 130 may alternatively include a high-k mate 
rial like Ta2O5, BST, SiN, SiON, SiC, SiOC, HfO2, ZrO2, 
TiO2, CeO2, La2O3, Al2O3 or a combination thereof, possibly 
formed through CVD or sputtering. 

Referring to FIG. 2D, When the capacitor dielectric layer 
130 includes an ONO layer, the dopants in the substrate 100 
at the bottoms of the trenches 110 diffuse much during the 
formation of the ONO layer because of the high process 
temperature. Thus, a doped band 135 is formed in the sub 
strate 100 through the dopant diffusion. The source of the 
dopant in the substrate 100 at the bottoms of the trenches 110 
may include an ion implantation conducted to the substrate 
100 before the conductive layer 120 is formed and/or a doped 
semiconductor material constituting the bottom electrodes 
127(a). When the capacitor dielectric layer 130 dose not 
include an ONO layer, an extra thermal treatment, such as the 
aforementioned annealing step conducted after the conduc 
tive layer 120 is formed, may be applied to cause suf?cient 
dopant diffusion and form the doped band 135. 

Referring to FIG. 2D again, multiple top electrodes 137 are 
then formed on the substrate 100 ?lling up the trenches 110. 
The top surface of the bottom electrode 12711 in the trench 
11011 is not covered by the top electrode 137a, While that of 
the bottom electrode 127 in each trench 110 other than the 
trench 11011 is covered by a top electrode 137. The bottom 
electrode 127, the capacitor dielectric layer 130 and the top 
electrode 137 in each trench 110 other then the trench 110a 
form a capacitor. The top electrodes 137 may be formed by 
depositing a layer of a conductive material (not shoWn) over 
the substrate and then conduct chemical mechanical polish 
ing (CMP) to remove a portion of the conductive material 
With the hard mask 103 as a mask. The conductive material 
may be doped poly-Si, Which may be formed through poy-Si 
CVD With in-situ doping. 

Referring to FIGS. 2D and 2E, an insulating layer 142 is 
formed betWeen each pair of adjacent trenches 110 as a pass 
ing gate isolation structure, encroaching upon the pair of 
trenches 110. The insulating layer 142 may be formed by the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
folloWing steps. A portion of the top electrode 137, a portion 
of the capacitor dielectric layer 130 and a portion of the 
dielectric layer 115 in each pair of trenches 110 as Well as a 
portion of the isolation structure 105 betWeen each pair of 
trenches 110 are removed to form trenches, and then the 
trenches are ?lled With an insulating material. The insulating 
material may include SiO, and may be formed through CVD. 

Then, the hard mask layer 103 is removed, possibly 
through dry etching or Wet etching. SWitching gate structures 
145a and passing gate structures 14519 are formed respec 
tively on the substrate 100 in the active areas 106 and on the 
isolation structure 142, While a gate line structure includes 
many segments as sWitching gate structures 145a and many 
segments as passing gate structures 14519 that are arranged 
alternately. Source/ drain (S/D) regions 147 are then formed in 
the substrate 100 in the active areas 106. The process of 
forming the gate structures 145a and 14519 and the S/D 
regions 147 can be any suitable process having been applied 
in the prior art. 

Referring to FIG. 2E, a contact 150 is then formed on the 
bottom electrode 127a, picking up (electrically connecting 
With) the doped band 135 via the bottom electrode 127. The 
contact 150 is not limited to dispose on the bottom electrode 
127a only, and may be disposed in any other manner if only 
contacting With the bottom electrode 12711. For example, the 
contact 150 may be disposed on the top electrode 13711, the 
capacitor dielectric layer 130, the bottom electrode 12711, the 
dielectric layer 115 and the substrate 100 simultaneously, as 
shoWn in FIG. 2E. 

It is particularly noted that the contact 150 is formed over 
the electrode 12711 in the trench 110a disposed at an edge or 
a comer of the memory cell array area and is not electrically 
connected With any S/D region 147. 

Besides, the contact 150 can be formed simultaneously 
With the conductors 153 each for electrically connecting an 
S/D region 147 and the top electrode 137 beside the S/D 
region 147. Alternatively, a bit-line contact (not shoWn) may 
be formed on the S/ D region 147 betWeen each pair of adja 
cent gate structures 145a simultaneously With the contact 
150. The contact 150, the conductors 153 and the bit line 
contacts may be formed With any suitable process in the prior 
art. 

It is also noted that though the isolation structure de?ning 
the active areas 106 is formed before the capacitor process in 
the above embodiment, the isolation structure may altema 
tively be formed after the capacitor process but before the gate 
process. In the latter case, hoWever, the formation of the 
overall isolation structure needs only one isolation process 
rather than the above tWo isolation processes respectively for 
forming the isolation structure 105 and the passing gate iso 
lation structures 142. 

Since the bottom electrode 12711 in the trench 11011 is 
formed With the protection of the patterned photoresist layer 
123' covering the trench 11011, the top portion of the bottom 
electrode 12711 is kept and is exposed after the top electrode 
13711 is formed. Therefore, the doped band 135 can be easily 
picked up With a contact 150 formed on the bottom electrode 
127a Without forming a Wide deep N-Well by multiple 
implantations. Thereby, the integration degree is increased 
and the DRAM process is simpli?ed. 

FIGS. 2F-2l illustrate, in a cross-sectional vieW, a DRAM 
process according to another preferred embodiment of this 
invention, Wherein the steps corresponding to FIG. 2F fol 
loWs the steps corresponding to FIG. 2B in the above embodi 
ment. 

This embodiment is different from the above one, mainly in 
that the patterned photoresist layer 123 (FIG. 2B) merely ?lls 
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in the trench 11011 but does not cover the trench 11011 to 
protect the top portion of the bottom electrode 12711 for later 
electrical connection With the contact 150. Instead, at least a 
portion of the capacitor dielectric layer 130 on the bottom 
electrode 12711 is removed, so that the bottom electrode 127a 
contacts With the top electrode 137a formed later and is 
electrically connected With the contact 150 via the top elec 
trode 137a. 

Referring to FIG. 2F, the pattern photoresist layer 123' is 
used as a mask to remove the exposed conductive layer 120 
and form a bottom electrode 127(11) in each of the trenches 
110 including the trench 11011. The removal method can be 
the same as above. Since the patterned photoresist layer 123 
does not cover the trench 11011, a top portion of the bottom 
electrode 12711 is removed as in the cases of the other bottom 
electrodes 127. 

Referring to FIG. 2G, the pattern photoresist layer 123' is 
removed, possibly With the same method mentioned above. A 
capacitor dielectric layer 130 is then formed over the sub 
strate 100. Examples of the structure, material and forming 
method of the capacitor dielectric layer 130 are the same as 
above. It is particularly noted that When the capacitor dielec 
tric layer 130 includes an ONO layer, the dopants in the 
bottom electrodes 127 and/ or the substrate 100 at the bottoms 
of the trenches 11 0 diffuse much during the hi gh-temperature 
process of the ONO layer to form a doped band 135 in the 
substrate 100. An extra thermal treatment can be applied to 
cause suf?cient dopant diffusion and form the doped band 
135 When the capacitor dielectric layer 130 dose not include 
an ONO layer. 

Referring to FIG. 2G, another patterned photoresist layer 
125 is formed over the substrate 100, exposing at least a 
portion of the capacitor dielectric layer 130 in the trench 
11011. The exposed portion of the capacitor dielectric layer 
130 is then removed to expose the surface of the bottom 
electrode 12711 in the trench 11011. The removal may include 
a dry etching process. 

Referring to FIG. 2H, after the patterned photoresist layer 
125 is removed, multiple top electrodes 137 are formed on the 
substrate 100 ?lling up the trenches 110. Different from the 
above embodiment, the top surface of the bottom electrode 
127(11) in each of the trenches 110 including the trench 11011 
is covered by a top electrode 137(a) in this embodiment. The 
bottom electrode 127, the capacitor dielectric layer 130 and 
the top electrode 137 in each trench 110 other than the trench 
110a form a capacitor, While the bottom electrode 127a and 
the top electrode 13711 in the trench 110a contact With each 
other because the capacitor dielectric layer 130 in the trench 
11011 has been removed previously. The method for forming 
the multiple top electrodes 137 can be the same as above. 

Referring to FIG. 21, an insulating layer 142 is formed 
betWeen each pair of trenches 110 as a passing gate isolation 
structure, encroaching upon a potion of the pair of trenches 
110. The hard mask layer 103 is removed, and sWitching gate 
structures 145a and passing gate structures 14519 are formed 
on the substrate 100 in the active area 106 and on the insulat 
ing layer 142, respectively, and S/D regions 147 are formed in 
the substrate 100 in the active areas 106. 

Referring to FIG. 21 again, a contact 150 is formed on the 
top electrode 137a. Since the top electrode 137a and the 
bottom electrode 127a contact With each other, the contact 
150 can electrically connect With the doped band 135 via the 
top electrode 137a and the bottom electrode 127a. Therefore, 
the doped band 135 can be picked up by the bottom electrode 
12711, the top electrode 137a and the contact 150 Without 
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8 
forming a Wide deep N-Well by multiple ion implantations. 
Thereby, the integration degree is increased and the DRAM 
process is simpli?ed. 
The capacitor pick-up structure for a memory cell array of 

DRAM according to this embodiment is described beloW in 
reference of FIG. 21. The memory cell array is disposed on 
the substrate 100 over the doped band 135. The substrate 100 
may be an Si-substrate, and the doped band 135 may be doped 
With arsenic and/ or phosphorous. 
The pick-up structure 160 includes a dummy capacitor 155 

and a contact 150, the dummy capacitor 155 is disposed in a 
trench 11011 in the substrate 100. The trench 110a exposes a 
portion of the doped band 135 at the bottom thereof. 
The dummy capacitor 155 includes a bottom electrode 

12711, a dielectric layer 115 and a top electrode 13711. The 
bottom electrode 12711 is disposed on the internal surface of 
the trench 110a electrically connecting With the doped band. 
The dielectric layer 115 is disposed betWeen the bottom elec 
trode 127a and the sideWall of the trench 11011. The top 
electrode 137a covers the bottom electrode 127a and ?lls up 
the trench 11011. The material of the top electrode 137a and 
the bottom electrode 127a and that of the dielectric layer 115 
may be the same as above. 
The contact 150 is on the dummy capacitor 155. Since the 

top electrode 137a and the bottom electrode 127a contact 
With each other, the contact 150 can electrically connect With 
the doped band 135 via the top electrode 137a and the bottom 
electrode 12711. The material of the contact 150 may be doped 
poly-Si. 
On the other hand, each memory cell in the memory cell 

array area may include a transistor 149, a trench capacitor 139 
and a conductor 151, Wherein the transistor 149 is disposed on 
the substrate 100 and the trench capacitor 139 in the substrate 
100 beside the transistor 149, and the conductive layer 151 is 
on the substrate 100 for coupling the transistor 149 With the 
trench capacitor 139. 
The trench capacitor 139 is disposed in a trench 110, and 

may include a bottom electrode 127, a dielectric layer 115, a 
top electrode 137 and a capacitor dielectric layer 130, Whose 
materials may be the same as above. Examples of the struc 
ture and the forming method of the capacitor dielectric layer 
130 are also the same as above. 

The transistor 149 may include a gate structure 145a and 
S/D regions 147, Wherein each transistor 149 has one S/D 
region 147 electrically connected With the top electrode 137 
of the corresponding trench capacitor 139 via the conductor 
151. The S/ D regions 147 may be doped With arsenic and/or 
phosphorous In this embodiment, the conductor 151 may be 
a ?lm thinner than the contact 150, and may have a small 
thickness if only the trench capacitor 139 and the transistor 
149 can be coupled. In other embodiment, the conductors 151 
may be formed simultaneously With the contact 150 and has 
the same thickness of the contact 150 like the conductors 153 
in FIG. 2E. 
The above DRAM further includes an isolation structure 

105 that de?nes the active areas 106 and has a portion 
betWeen each pair of trench capacitors 139, While the transis 
tors 149 are disposed on the substrate 100 in the active areas 
106. An insulating layer 142 as a passing gate isolation struc 
ture may be further disposed on the portion of the isolation 
structure 105 betWeen each pair of trench capacitors 139, 
encroaching upon the pair of trench capacitors 139. The mate 
rial of the isolation structure 142 may be SiO. The isolation 
structure 142 is disposed With passing gate structures 145b 
thereon. In other embodiments Where the isolation structure 
for de?ning the active areas 106 is formed after the trench 
capacitors 139 are formed, the isolation structure also has a 
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portion disposed between each pair of trench capacitors 139 
and encroaching upon the pair of trench capacitors 139. Thus, 
an insulating layer (142) merely as a passing gate isolation 
structure is not required to form, and the passing gate struc 
tures 1451) over each pair of trench capacitors 139 are formed 
directly on the isolation structure de?ning the active areas 
106. 

It is noted that the trench 11011 is disposed at an edge or a 
corner of the memory cell array area, as shoWn in FIG. 1. In 
the prior art, the trench capacitor formed in such a trench is 
coupled to no transistor and has no function. HoWever, this 
invention modi?es the structure of this edge/comer trench 
capacitor to be a pick-up structure, so that a Wide deep N-Well 
is not required to form and a large lateral area is saved. 

In other embodiments, the dummy capacitor 155 may have 
some variations in the structure. Referring to the embodiment 
of FIG. 2E, the top electrode 137a does not cover a top portion 
of the bottom electrode 127a so that the contact 150 can 
electrically connect With the doped band 135 via the bottom 
electrode 127a, While a capacitor dielectric layer 130 may be 
further disposed betWeen the bottom electrode 127a and the 
top electrodes 13711. 

It is also noted that the structure of DRAM With trench 
capacitors is knoWn to have numerous variations, and the 
above-mentioned DRAM processes and structures are not 
intended to limit the scope of this invention. 

The present invention has been disclosed above in the 
preferred embodiments, but is not limited to those. It is knoWn 
to persons skilled in the art that some modi?cations and 
innovations may be made Without departing from the spirit 
and scope of the present invention. Therefore, the scope of the 
present invention should be de?ned by the following claims. 
What is claimed is: 
1. A capacitor pick-up structure, applied to a memory cell 

array area of a DRAM that is disposed on a substrate over a 

doped band in the substrate, and comprising: 
a dummy capacitor in a ?rst trench in the substrate, Wherein 

a bottom of the ?rst trench exposes a portion of the 
doped band, the dummy capacitor comprising: 
a ?rst bottom electrode on an internal surface of the ?rst 

trench, electrically connecting With the doped band; 
a ?rst dielectric layer betWeen the ?rst bottom electrode 

and a sideWall of the ?rst trench; and 
a ?rst top electrode on the ?rst bottom electrode, ?lling 
up the ?rst trench; and 

a contact over the substrate, electrically connecting With 
the doped band via the dummy capacitor. 

2. The capacitor pick-up structure of claim 1, Which is 
disposed at an edge of the memory cell array area. 

3. The capacitor pick-up structure of claim 1, Which is 
disposed at a corner of the memory cell array area. 
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4. The capacitor pick-up structure of claim 1, Wherein a top 

surface of the ?rst bottom electrode is higher than or coplanar 
With a top surface of the substrate. 

5. The capacitor pick-up structure of claim 4, Wherein the 
contact electrically connects With the ?rst bottom electrode at 
least. 

6. The capacitor pick-up structure of claim 4, further com 
prising a ?rst capacitor dielectric layer betWeen the ?rst bot 
tom electrode and the ?rst top electrode. 

7. The capacitor pick-up structure of claim 6, Wherein the 
?rst capacitor dielectric layer comprises an ONO layer. 

8. The capacitor pick-up structure of claim 1, Wherein a top 
surface of the ?rst bottom electrode is loWer than a top surface 
of the substrate. 

9. The capacitor pick-up structure of claim 8, Wherein the 
contact is disposed on the ?rst top electrode. 

10. The capacitor pick-up structure of claim 1, Wherein a 
memory cell in the memory cell array area comprises: 

a transistor on the substrate; 
a trench capacitor in the substrate beside the transistor; and 
a conductive layer on the substrate for coupling the tran 

sistor With the trench capacitor. 
11. The capacitor pick-up structure of claim 10, Wherein 

the trench capacitor is disposed in a second trench in the 
substrate, a bottom of the second trench exposes a portion of 
the doped band, and the trench capacitor comprises: 

a second bottom electrode on an internal surface of the 
second trench, electrically connecting With the doped 
band; 

a second dielectric layer betWeen the second bottom elec 
trode and a sideWall of the second trench; 

a second top electrode on the second bottom electrode, 
?lling up the second trench; and 

a second capacitor dielectric layer betWeen the second 
bottom electrode and the second top electrode. 

12. The capacitor pick-up structure of claim 10, Wherein 
the DRAM further comprises an isolation structure that has a 
portion disposed betWeen every tWo adjacent trench capaci 
tors and encroaching upon the tWo adjacent trench capacitors. 

13. The capacitor pick-up structure of claim 12, Wherein 
the DRAM further comprises passing gate structures on the 
isolation structure. 

14. The capacitor pick-up structure of claim 1, further 
comprising an isolation structure that encroaches upon the 
dummy capacitor. 

15. The capacitor pick-up structure of claim 14, Wherein 
the DRAM further comprises a passing gate structure on the 
isolation structure that encroaches upon the dummy capaci 
tor. 


